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ECENT reviews of Nocardia infections in man 8,8,~6 have devoted only scanty attention to the neurological aspects of this disease; yet in 56 cases of proven human nocardiosis collected to date, involvement of the central nervous system was demonstrable in 18 patients, and often appeared directly responsible for the fatal outcome.
The first pathogenic aerobic Actinomyces was isolated from cattle by Nocard 21 in 1888, and called Nocardia farcinica by Trevisan 25 in 1889. In 1890, Eppinger TM isolated pathogenic aerobic Actinomyces from a brain abscess of a 5~-year-old glassworker suffering from a pseudo-tuberculous infection and described the organism as Cladothrix asteroides. In 1896, Blanchard 5 renamed the organism Nocardia asteroides.
For many decades these organisms, which in their early stages of growth on culture media show structure similar to that of Actinomyces, were considered intimately related to the latter. Unlike Actinomyces, Nocardia is aerobic and primarily saprophytic, occurring on grasses, grains, and in the soil. In staining reactions it may or may not be acid-fast. Occasionally it gains access to the human body by airborne contamination or by introduction into previously traumatized tissues; and it may then disseminate widely by hematogenous routes. While rather sensitive to sulfonamides, it is relatively resistant to penicillin.
Pulmonary involvement in nocardiosis constitutes the most common clinical manifestation, thus, like actinomycosis proper, often simulating tuberculosis. While neurological complications are relatively rare in actinomycosis, involvement of the central nervous system, most often in the form of brain abscesses, has been reported in approximately 30 per cent of the cases of nocardiosis, thus rendering the prognosis of the latter more serious.
Since all known cases of nocardiosis of the central nervous system published to date, except 1 case of meningitis, were diagnosed either preterminally or post mortem, the following case report of a 4~-year-old Negro, at present alive and well 15 months following excision of a Nocardia brain abscess, appears worthy of recording. CASE REPORT On April 22, 1952, C.K., a 42-year-old Negro laborer, was admitted to the Neurological Section of the Bronx V.A. Hospital with a 4-day history of right-sided
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hemiparesis beginning in the leg and extending to the upper extremity. There had been no headaches, convulsions, head trauma, unconsciousness, fever, or loss of weight.
The past history revealed an episode of right-sided pnemnonia in 1938. Following the discovery of a positive blood serology in 1943, antiluetic treatment in the form of penicillin was given. During 1944, the patient was discharged from the Army with the diagnosis of bronchial asthma; and since that time daily chronic cough, productive of greyish-white sputum, had been present. For the past 10 years the patient had been a heavy cigarette smoker.
Examination. The patient was right-handed, well-developed, alert and cooperative. He did not appear acutely ill. The temperature was 98.6~ pulse rate 80, and B.P. 114/80. There was diminished resonance with increased breath sounds over the right upper lobe posteriorly; wheezes and rhonchi were heard throughout the chest. Positive neurological findings were marked weakness with areflexia of the right arm and leg, and an abnormal extensor plantar response on the right. Routine laboratory tests and skull films were noncontributory. Roentgenograms of the chest showed consolidation of the subapical segment of the right upper lobe consistent with a diagnosis of bronchogenic carcinoma (Fig. 1A) . A slow wave focus in the left motor area was present in the EEG.
Course. On the ~nd hospital day the patient had a series of right-sided Jacksonian seizures, following which a complete right hemiplegia developed, while the state of consciousness remained unchanged. Percutaneous left carotid arteriography on the 7th hospital day revealed mild depression of the left middle cerebral artery. A diagnosis of a metastatic bronchogenic carcinoma occupying the left motor cortex in the parasagittal area was made.
Operation. On May 1, 1952, under penicillin coverage and endotracheal anesthesia, a left frontoparietal craniotomy was performed. The exposed cortex re-vealed flattening of the pre-and postcentral gyri. A round, firm, encapsulated mass was encountered parasagittally in the precentral gyrus approximately 1-1 89 cm. below the surface. This mass was freed from the surrounding white matter on all sides down to a depth of 7 cm., and then removed in toto after some adhesions to the falx and superior sagittal sinus had been severed. During the process of removal, the capsule of the mass was broken into, and a small amount of greenish-yellow pus escaped. The operative field was irrigated with penicillin solution, and closure of the dura mater and of the remainder of the wound in layers was then carried out. The FIo. ~. Photomicrograph of surgical specimen showing focal abscess with leucocytic infiltration.
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patient withstood the procedure well; postoperatively he was placed on anticonvulsive, penicillin and aureomycin therapy.
Pathological Examination. The surgical specimen consisted of a 3.5 X~.5 X~ cm.
rounded mass covered by greyish-yellow fibrinous exudate; on section of the mass, multiple, well-circumscribed, focal abscesses were noted. Microscopically these consisted of necrotic material and polymorphonuclear leucocytes, some of which extended into the surrounding tissue (Fig. ~) . Rare colonies of basophilic branching filaments, without definite clubbing, were seen in the center of some of the abscess cavities (Fig. 3) .
Bacteriological Report. Pus obtained at operation showed on smear a few grampositive and gram-negative non-acid-fast rods; on culture it yielded a filamentous aerobic gram-positive, non-acid-fast fungus, later identified as belonging to the genus Nocardia. The same organism was also cultured from a sputum specimen obtained on thel~th postoperative day. In vitro tests proved it to be sensitive to aureomycin, chloromycetin, streptomycin, terramycin; and resistant to penicillin. Since the Nocardia isolated from our patient apparently differed from any previously described species, a detailed description of its biological characteristics will be the subject of a separate publication.
Postoperative Course. The only complication was the transient accumulation of fluid under the scalp flap, which subsided following aspiration and the application of pressure dressings. By the end of the 1st postoperative week, the density in the chest film began to clear. Gradual recovery of function in the fingers, hip and knee occurred during the ~nd week; and by the end of the 1st month the patient was able to ambulate with support. He received a total of 80 million units of penicillin and 75 grams of aureomycin over a period of 6 weeks; further antibiotic therapy was then discontinued in view of progressive clearing of the chest film. By July 195~, free ambulation with the aid of a foot brace was possible. The x-rays of the chest at that time showed few linear fibrotic strands in the periphery of the right midlung, and remained unchanged thereafter (Fig. 1B) . Examination of the spinal fluid in August 195~, revealed only a slight elevation in protein content of 57 mg. per cent. A sputum specimen obtained in December 195~, again yielded Nocardia on culture, although later cultures remained negative. Occasional rightsided Jacksonian seizures have occurred. The main neurological residual is a rightsided hemiparesis, most marked in the lower leg and foot, permitting ambulation and a fairly good use of the involved arm and hand. Table 1 , which includes 18 patients with cerebral or cercbellar abscesses, and 1 with meningitis. In Pribytkow and ]V[aloletkow's 22 case, which at autopsy showed meningitis and an intramedullary cord abscess extending from T2 to the conus medullaris, the diagnosis is suspected but bacteriological verification is lacking.
The patients range in age from 20 to 65 years, and males are affected more frequently than females. In general, neurological symptoms begin several months after the onset of extraneural manifestations such as cough or subcutaneous abscesses. Clinically, no distinct entity exists; neurological signs are related to localization within the central nervous system and to increased intracranial pressure. Pathologically, focal abscesses are much more common than primary meningitis. In almost all autopsied cases there have been additional visceral lesions, predominantly in the lungs and in the subcutaneous tissues.
Systemic nocardiosis, without involvement of the central nervous system, was invariably fatal up to 1944. Since then a few recoveries followed therapy with sulfonamides, either alone or in combination with penicillin, 6,7,1~,13,~3 and in one instance following the use of penicillin and streptomycin. 3 In eases in which there were neurological complications, the use of sulfonamide drugs and of antibiotics did not significantly alter the prognosis. However, the single patient with Nocardia meningitis on record recovered following massive doses of sulfadiazine, penicillin and streptomycin administered by intravenous, intramuscular and intrathecal routes. 15 On the other hand, antibiotic therapy in conjunction with eraniotomy failed to avert the fatal outcome in 3 patients 9'16'24 who apparently showed neurological complications of greater severity and chronicity in comparison to our ease.
The use of aureomycin following the removal of a cerebral abscess in our patient was instituted empirically because of the presence of a few gramnegative rods in one of the preparations of the pus obtained at operation. These gram-negative organisms were never recovered again and were considered to be contaminants. However, in vitro tests proved the Nocardia isolated from the abscess to be sensitive to aureomycin later on. The ease observed by us constitutes the only reported instance of recovery from pulmonary nocardiosis complicated by a metastatic cerebral abscess. 2. The literature on nocardiosis and its neurological aspects has been re-viewed. In a case of cerebral abscess, early surgical removal accompanied by intensive administration of sulfonamide drugs and of broad spectrum antibiotics appears to be the treatment of choice. Although a rare disease, nocardiosis should be considered in the differential diagnosis of metastatic brain abscesses or even tumors originating from primary pulmonary lesions.
